The present study examines whether Salmonella typhimurium colonization of the crop of young turkeys influences nitrite concentration in the component tissues of the crop. Nitric oxide (NO) is the principal compound in biological samples that is converted into nitrites and NO is known to be a component of the early host response to infection. Challenge with S. typhimurium
INTRODUCTION
The crop is a major source of carcass contamination with Salmonella during processing of broiler chickens (Hargis et al., 1995; Ricke, 2002) . There has been considerable attention focused on changing the microbial flora in the crop to reduce Salmonella contamination. Cessation of feeding influences the crop microflora and increases in pH facilitate increases in Salmonella in the crop (Ricke, 2002) . There are reports of successful approaches to reduce Salmonella in the crop. Feeding fermented feed reduces Salmonella enteriditis in the crop and gizzard following challenge (Heres et al., 2003) . Similarly, lactic acid reduces the incidence of Salmonella contamination of poultry (Anderson et al., 2001) . Moreover, administration of glucose during feed withdrawal reduces S. typhimurium colonization of the crop (Hinton et al., 2000) .
Little is known about physiological changes in crop tissues of any poultry species in response to Salmonella colonization. The crop may play a role in the immune response to Salmonella infection. Evidence that the crop functions as a site for mucosal immunity comes from the presence of specific secretory immunoglobulin (IgA) in the lumen following infection of chickens with S. enteritidis by oral gavage (Holt et al., 2002; Seo et al., 2002a,b increased the concentration of nitrite in the crop wall of 3-wk-old turkey poults. The magnitude of the response was reduced at 8 h and absent at 48 h after challenge. As would be expected, S. typhimurium concentrations in the crop were markedly increased following challenge, and were nondetectable in control poults.
of the mucosal lining of turkeys challenged with S. typhimurium (Johannsen et al., 2004) .
The present study examines whether there are changes in the nitrite concentration of crop tissues in turkey poults following challenge with S. typhimurium. It was hypothesized that nitrite concentration would be increased by S. typhimurium infection. Macrophage and other cells express inducible nitric oxide synthase (iNOS; in chickens: Di and Qureshi, 2002; in mammals: Regunathan and Piletz, 2003) . Inducible nitric oxide synthase is integral to host defense mechanisms. It activates nitric oxide (NO), which is a powerful intracellular bacteriostatic agent used by macrophages to inactivate, kill, and remove pathogens from blood and tissues (Rosenberger and Finaly, 2002; Kim et al., 2003) . Mice infected with S. typhimurium have elevated serum levels of NO (Koebernick et al., 2002) . Similarly in chicken macrophage in vitro, iNOS plays a role in the response to Salmonella (Withanage et al., 2005 ). There appears to be a link between iNOS and resistance to S. enteriditis in chickens. It is possible that with appropriate polymorphisms, the iNOS gene could facilitate resistance (Kramer et al., 2003) . However, there were no differences in response to Salmonella serovar Gallinarium (Wigley et al., 2002) .
MATERIALS AND METHODS

Turkeys and Care
One-day-old male Hybrid turkeys (PALS, Willmar Poultry Co., Willmar, MN) were placed in floor pens for 7 d before assignment to treatment. All birds received turkey mash feed and water ad libitum. The diet was formulated to meet the requirements recommended by the NRC (1994); corn 43.67%, soybean meal 47.71%, fish meal 3%, CaHPO 4 1.92%, limestone 1.28%, soy oil 1.46%, mineral premix 2%, no Se, vitamin premix (regular) 0.3%, salt 0.11%, lysine 0.01%, and methionine 0.21%. The day length (14L:10D) was lights on from 1600 to 1000 h. The reversed days and nights facilitated sampling during the scotophase because feeding only occurred in the photophase each day.
Animal Experimentation
All studies were conducted in accordance with Iowa State University's Committee on Animal Care (protocol number 6-2-5185) in the Iowa State University Infectious Livestock facility. At 10 d of age, the turkey poults were screened for Salmonella by vent swab culture (Hurd et al., 2002) . All turkeys were negative for Salmonella. Poults were challenged with S. typhimurium or vehicle by gavage 15 min before the end of the daily lighting period. At this time, crops would be expected to be engorged with feed. The challenge dose was 1.7 × 10 8 cfu of nalidixic acidresistant Salmonella enterica serovar Typhimurium strain X4232 administered by oral gavage in 0.5 mL of soy broth medium (Difco Laboratories, Detroit, MI). At 0.5, 4, 8, 24, and 48 h after challenge, a group of vehicle-only (control) and S. typhimurium-challenged (ST) poults (n = 6/treatment per time) was killed by cervical dislocation and the crop contents were removed aseptically for determination of wet weights of crop ingesta. After all ingesta had been removed, each crop was dissected into 2 parts. Salmonella typhimurium counts were determined on ingesta in one of the crop parts. The other crop part was immediately placed in a zip-lock bag, and snap frozen in liquid nitrogen for later nitrite determination.
Salmonella typhimurium Determination
For determination of S. typhimurium, crop ingesta and the nonfrozen crop part from each poult were diluted at a ratio of 1 g of sample to 2 g of peptone water, and homogenized for 1 min in a tissue blender (Seward Stomacher, Thetford, UK). The S. typhimurium count in the homogenized suspension of crop ingesta and the crop part was determined as follows: 10-fold dilutions were made (10°to 10 -6 ) in 96-well, round-bottomed microtiter plates (Costar, Corning, NY); 10 L of each dilution was streaked across 3 replicate XLT 4 -Nal plates (Costar) containing 50 L/mL of nalidixic acid and incubated for 24 h at 37°C. In addition, each sample was enriched in 50 mL of tetrathionate broth. Salmonella typhimurium was not detectable in any sample from control poults.
Total Nitrite Plus Nitrate Determination
Spectrophotometric quantitation of nitrite using Griess reagent is straightforward and sensitive. In acidic solutions, nitrite is converted to nitrous acid, which diazotizes sulfanilamide. The sulfanilamide-diazonium salt is then reacted with N-(1-naphthyl)-ethylenediamine to produce a chromophore that is measured spectrophotometrically. In this study, a 1-g sample of tissue was dissected from the frozen crop part and placed in a tissue homogenizer tube containing 5 mL of double distilled H 2 O. The sample was homogenized for 5 min, and a 100-L sample was transferred to a tube containing 500 L of concentrated sulfosalicylic acid. This mixture was vortexed for 30 s at 5-min intervals for 30 min. This mixture was then centrifuged at 4,000 × g at 20°C for 10 min) to remove all denatured proteins. Each of 2, 100-L samples of the supernatant from each sample was added to each well in a 96-well, flat-bottomed microtiter plate (Costar). Thereafter, 100 L of Griess reagent was added to each well and the plate was allowed to stand at room temperature for 10 min. Plates were read at 546 nm using a microplate spectrophotometer (Quant, Bio-Tek Instruments, Winooski, VT). Concentration of nitrite was determined using a standard curve, as replicated in the original work of Green et al. (1982) . All values are expressed as nitrite in micromoles.
Statistical Analyses
Data analysis was performed via SAS PROC GLM by one-way ANOVA (effects of time and treatment; SAS Institute, 1998). When a difference (P ≤ 0.05) was observed in the SAS analysis, differences in means were determined using Dunnett's separation (treatment effects or Student-Newman-Keuls (time).
RESULTS
Weight of Crop Ingesta
Weights of ingesta in crops of control vs. ST poults over the time course of the experiment are summarized in Figure 1 . The amount of ingesta in crops of both control and ST poults decreased incrementally at 0.5, 4, and 8 h after the end of feeding, but rebounded upon feeding the following morning, with a similar pattern the following day. However, the amount of ingesta in control poults exceeded that in ST poults at 0.5 and 24 h after challenge and ingesta in control poults were decreased compared with ST poults at 48 h after challenge.
Salmonella typhimurium Numbers in Crop
As shown in Figure 2 , S. typhimurium bacteria were found at all times of measurement in ST poults and at no time in control poults. Bacterial counts were highest at 0.5, 24, and 48 h after challenge; at 4 and 8 h, bacterial numbers were lower than at 0.5 h, but not lower than numbers at 24 and 48 h.
Nitrite Concentration in Crop Wall
The concentration of nitrite in the crop postchallenge in control and ST poults is shown in Figure 3 . Total nitrite concentration was increased in ST compared with control poults at 0.5, 4, and 8 h after challenge. Total nitrite concentrations in ST poults were increased numerically 24 h after challenge compared with control poults; however, nitrite concentrations in the 2 groups did not differ at 24 and 48 h after challenge. 
DISCUSSION
The quantity of ingesta in the crop declined during the scotophase irrespective of whether the turkey poults had been challenged with S. typhimurium or vehicle ( Figure  1 ). This has been reported previously in chickens (Scanes et al., 1987; Buyse et al., 1993) . This finding reflects the role of the crop as a temporary storage organ for ingesta in poultry on a light:dark cycle, and offers the potential of the crop as a site for microbial fermentation together with proliferation of pathogenic and nonpathogenic organisms. There were more ingesta present in the crop of vehicle-challenged than S. typhimurium-challenged poults at 0.5 and 24 h after challenge (Figure 1) . Conversely, there were more ingesta in the crops of S. typhimuriumchallenged poults than in the control poults 48 h after challenge. The basis for these differences may be changes in feed consumed before the scotophase or shifts in the rate of passage of ingesta following S. typhimurium challenge.
As would be expected, there was a decrease in the number of S. typhimurium in the crop at 4 h compared with 0.5 h into the scotophase after oral challenge with S. typhimurium (Figure 2 ). This may be presumed to reflect the rapid passage of ingesta from the crop into rest of the gastrointestinal tract; a decrease in weight of the crop content between 0.5 and 4 h into the scotophase also being evident (Figure 1 ). As has been previously observed in turkey poults (Johannsen et al., 2004) , there were appreciable numbers of S. typhimurium in the crop 24 and 48 h after challenge. This reflects both colonization of the crop epithelium by S. typhimurium and proliferation of the S. typhimurium (Johannsen et al., 2004) . In the present studies, there was a marked increase in nitrite in the crop wall of turkey poults challenged with S. typhimurium (Figure 3) . Similarly, in mice infected with virulent S. enteritidis, intestinal iNOS has been demonstrated to participate in the early response to infection (Giacomodonato et al., 2003) . The present results are consistent with the view that NO plays a critical role as a protectant against infection by intracellular pathogens (e.g., Fritsche et al., 2003;  reviewed by Regunathan and Piletz, 2003) . Definitive evidence supporting this comes from the deaths of all iNOS-deficient mice infected with either avirulent or virulent strains of S. typhimurium (Alam et al., 2002) .
The increase in nitrite in the crop (Figure 3 ) may reflect changes in iNOS in macrophages present in the crop. There is abundant evidence that S. typhimurium can increase the expression of iNOS in mammalian macrophages (e.g., in bovine, Norimatsu et al., 2004) and dendritic cells (e.g., bovine, Norimatsu et al., 2003; murine, Kalupahana et al., 2003) . In addition, S. typhimurium can induce maturation of bovine monocyte-derived dendritic cells in vitro, as indicated by nitrite level and iNOS expression (Linehan and Holden, 2003; Norimatsu et al., 2003) . There is evidence that iNOS and NO have a similar role in the poultry macrophage. In a chicken macrophage line in vitro, immunomodulators increased intracellular killing of S. enteriditis, as well as apoptosis, with at least the latter being mediated through an iNOS-dependent pathway (Xi et al., 2003) . In chickens, there is a relationship between the level of expression of iNOS in chicken macrophages and expression of Toll-like receptor-4 (Di and Qureshi, 2002) .
There is an alternative possible site for iNOS and NO production. The crop epithelia may be responding directly to the S. typhimurium. In mammals, intestinal cells can exhibit increased expression of iNOS in response to enteroinvasive bacteria, and this appears to be mediated in part by upregulation of iNOS (Resta-Lenert and Barrett, 2002) .
The increase in nitrite in the crop of turkey poults challenged with S. typhimurium (Figure 3) is consistent with the view that NO is an important inflammatory mediator with a potential role in gastrointestinal diseases (Enocksson et al., 2004) . In human clinical studies, the luminal NO levels in rectal gas are markedly increased in patients with infective gastroenteritis due to Salmonella, Shigella, and Campylobacter infections and there is a positive correlation between the severity of the symptoms and the NO concentration (Enocksson et al., 2004) . Similarly, based on nitrite concentration in the urine, NO production is increased in acute gastroenteritis (Kukuruzovic et al., 2002) .
